SUMMARY. Changes in the concentrations of II serum proteins following surgery for a variety of conditions have been investigated. Protein changes were analogous to those observed after injury or trauma, but showed differences in the detailed behaviour of the pattern of change. Marked increases in the concentrations of five acute-phase reactant proteins (APRP) were seen, with maximum concentrations usually being reached 2 days after surgery in patients who made an uncomplicated recovery from their operations. Considerable differences were observed between the patterns of change of APRP in patients who developed complications during recovery and in patients who made an uncomplicated recovery from surgery. Concentrations of Creactive protein and alpha-I antichymotrypsin (ACT) were much higher in the patients who developed complications, with ACT concentrations providing the clearest separation between the groups. The main factor influencing the changes in APRP during the recovery period appeared to be the development of sepsis. Preoperative concentrations of APRP had no prognostic value for identifying patients at risk of developing complications. The study suggests that the localisation of inflamed tissue involved in the disease processes may influence the detailed behaviour of the acutephase reactant proteins.
Injury or inflammation to the human or animal body results in the initiation of the so-called 'acute-phase response' (APR). One of the most obvious pathobiochemical features of this response is substantial and sustained changes in the concentrations of certain serum proteins, known collectively as the acute-phase reactant proteins (APRP). The biological function and significance of the APR is not clearly understood, but it is likely that it represents a form of damage limitation as the body removes and repairs the necrotic and non-viable tissue that is produced by injury or inflammation. I Probably the most extreme manifestation of the APR is seen in patients who have suffered severe burns.' Changes in levels of serum proteins in other conditions involving injury or trauma have not been extensively studied. An APR to surgery has been noted and an indication that the changes in APRP follow a specific pattern with respect to time has also been reported. 3 - s. 6 -8 The 'severity' of surgery did not appear to influence the pattern of change of the APRP although the individual levels of proteins are influenced by this." Some indirect evidence that the site of surgery may influence the pattern of change of the individual proteins has been presented."
Recent reports indicate that the changes in the concentrations of the serum proteins may be of clinical value as diagnostic indicators. Thus, Smith et al." were able to show that the levels of APRP following myocardial infarction indicated the development of the onset of septic complications in patients failing to make a good recovery. Cooper and Stone" reported on the use of APRP measurement as indicators of tumour mass in certain neoplastic conditions and also showed that APRP concentrations may be used to indicate the response to treatment and the development of infections in lymphoma. Cooper and Milford-Ward" described the use of APRP measurement as an aid to the description of the clinical condition of patients with leukaemia. Peltola and Holmburg!' demonstrated the use of C-reactive protein (CRP) measurement as a detector for the onset of septicaemia. Mackie et al. l s showed that CRP concentrations can be used to diagnose infection in leukaemia, and Bayston" described the use of this measurement for the identification of septic complications in cerebrospinal shunts used for the treatment of hydrocephalus. Shakespeare et a/. J7 reported that alpha-I antichymotrypsin (ACT) concentrations may indicate the onset of septicaemia in burned patients. This possibility was reinforced by Moody et al? who showed that either CRP or ACT may be used for this purpose. Measurement of both ACT and CRP has been proposed for the assessment of inflammatory disease. IS Factors influencing the patterns of change of APRP are, in general, not well understood. The present study aimed to investigate some of these influences by seeking relationships between the patterns of change of APRP during the recovery period and the clinical course of recovery from abdominal surgery. The patterns of change of APRP and some other proteins in 24 patients admitted to the Professorial Surgical Unit at the Royal South Hants and Southampton General Hospitals for a variety of operations were studied.
Materials and methods

MEASUREMENT OF PROTEIN LEVELS
A modification" of the two-dimensional immunoelectrophoretic technique of Laurell'" (2-DIE) was used to examine the changes in albumin and the alpha-and beta-globulins in the serum samples obtained from patients. By use of a high and low dilution of the serum in the assay it was possible to measure 8 proteins simultaneously. 
CONCENTRA TIONS OF PROTEINS
These are expressed either in arbitrary units (% normal serum concentration) where a pool of normal human donor serum was used as a standard and assigned a normal serum value of 100%, or in exact units (g/L) where a reference standard of agreed value was available. The pool of plasma from 200 normal donors was kindly supplied by the National Blood Transfusion Service, Southampton General Hospital. The value for albumin in the normal pool serum used in the 2-DIE determinations was determined using a reference serum and albumin values are hence expressed as absolute values. Appropriate reference standard sera and specific antisera for the immunoglobulin and C-reactive protein determinations were obtained from Behringwerke Diagnostics (address above).
PATIENTS
The 24 patients studied were all treated at the Professorial Surgical Unit of the Royal South Hants and General Hospitals, Southampton. Patients were admitted for a variety of surgical procedures. The majority of patients had preexisting disease, mainly carcinomas or inflammatory bowel conditions, but others suffered either from acute onset conditions or required secondary reconstructive procedures following previous surgery. No attempt has been made to classify the patients according to the 'severity' of surgery. A complete listing of patients and the reasons for surgery are given in Table I . The schedule of blood sampling agreed with the local Ethical Committee allowed samples to be obtained on the pre-operative day and on days 2,5,9, 12 and 15 after operation. Some blood samples were obtained from longer stay patients on day 19 as part of their routine examinations. The patient's consent to entry into the study was obtained on admission. Patients were divided into study groups on the basis of those who made an uneventful recovery and those who developed complications. Particular attention was paid to the development of sepsis, demonstrated by a wound infection, a positive blood culture or abscess formation. The development of acute inflammation necessitating a return to theatre, usually for anastomosis repair, was also treated as a criterion indicating the development of complications. On these broad criteria, II of 24 patients developed complications during their stay in hospital. Of these, 3 patients died. This simple approach was adopted to allow segregation of patients into only two study groups with reasonable numbers in each group.
STATISTICAL TESTING OF RESULTS
Differences between groups of data recorded on the individual days during the post operation period were assessed using the Mann-Whitney U test. 
Results
The changes observed in the levels of serum proteins during the-postoperative period were, in general, in agreement with those reported in previous studies. Concentrations of all three classes of immunoglobulins (Ig, Table 2) were not observed to change significantly after surgery. At no time was a depression of Ig concentrations below the lower limits of the normal range observed. A significant difference between the daily concentrations of Ig in each of the study groups was seen on only one day during the recovery period. The behaviour of albumin (ALB) is shown in Table 3 . ALB decreases after surgery, although it is not depressed to the extent seen after bum injury.! ALB concentrations were, in general, below the lower limits of the normal range before surgery in all patients. The only days on which significant differences between the two study groups were found were days 5 and 9 of the recovery period. Alpha-2 macroglobulin (MAC) concentrations, measured in 7 patients throughout the study period, remained within the limits of our normal range at all times. It appears that this protein does not function as an APRP after surgery.
The levels of the APRP changed markedly during the recovery period. The results of measurements of the concentrations of alpha-I acid glycoprotein (ORO), haptoglobin (HAPTO) and alpha-l antitrypsin (AT) in the serum of patients in both study groups are presented in Fig. I. There was no discernible difference in the patterns of change of these proteins in the two groups during the study period. Statistical testing showed no differences between each sampling day's measurements in the two groups. Figs. 2  and 3 show the results of the measurements of ACT and CRP in the two groups. Both of these proteins were significantly higher at all stages in the recovery period in the group of patients who developed complications. There was no significant difference between the two groups when the concentrations of each protein in the preoperative serum sample were compared. There was little overlap of values in the serum samples from the recovery period, with less overlap of ACT values than of CRP values. Least overlap of ACT values in the two study groups occurred at day 5 when only one value from the group who developed complications lay within the range of values observed in the group who made uncomplicated recoveries. At this stage, six of the CRP values in the group who developed complications during the recovery period overlapped with the range of values observed in the group who made good recoveries. The figures presented in Table 4 show that all the patients in the complications group developed signs of sepsis during their recovery. These signs are diverse in nature but it is evident that sepsis must be considered as the major cause of problems in this group of patients. Table 4 also shows that the pattern of change of CRP and ACT is influenced by the development of sepsis in that the highest concentrations of these two APRP occurred later in the recovery period. In the good recovery group the highest CRP concen- involving total gastrectomy, subtotal pancreatectomy, splenectomy, subtotal colectomy andjejunectomy. During his postoperative period he developed a leaking anastomosis, necessitating further surgery. He developed pneumonia and showed a heavy wound infection together with a buccal infection. He did not develop a positive blood culture and eventually made a good recovery to be discharged home some 9 weeks after surgery. During the 12-day study period he showed grossly elevated levels of all APRP. It is particularly interesting that this patient showed highest elevations in ORO with relatively less elevation of ACT and CRP. Fig. 5 shows the results obtained from patient EC and the results obtained from measurements on patient YD, admitted for a right hemicolectomy necessitated as a result of a subacute obstruction resulting from a 17-year history of Crohn's colitis. On the eighth postoperative day the patient complained of a shooting pain in the right hypochondrium. This was diagnosed as the formation and resolution of a subacute obstruction. A blood sample was obtained on this patient on postoperative day II. On day 13 the patient required surgery to drain an abdominal abscess which had formed beneath the liver. The very marked change in the levels of APRP, particularly CRP, indicate that the pattern of change of serum proteins may provide an early warning of the onset of abdominal abscesses.
Discussion
The analysis of the patterns of change in APRP after surgery requires a different approach to that taken in considering the changes that are seen after injury. In burned patients-" it has been shown that the severity of the initial injury influences the patterns of change seen during recovery from the injury in addition to other influences such as surgical procedures and the development of sepsis. In general, injured patients are fit and healthy before the accident with no pre-existing pathology influencing the levels of APRP in their serum. In studying the pattern of changes of APRP after surgery, the presence of pre-existing disease introduces a complicating factor. Surgery should remove a substantial fraction of the diseased tissue that is contributing to the inflammation, as demonstrated by the measurement of preoperative protein concentrations. The influence of this factor upon the concentration of serum proteins should be ameliorated by the removal of this tissue at operation. Thus the main influences on the concentrations of serum proteins during the postoperative period would be expected to be the inflammation associated with the repair and regeneration processes that are acting to restore the integrity of the injured tissue, together with the inflammation generated as a result of changes in the patient's clinical condition caused by the development of complications or the resurgence of the disease state if it is progressive.
The results presented in this study clearly indicate that the pattern of change of certain serum proteins after surgery is markedly influenced by the clinical course of the patient's recovery. There appeared to be no correlation between the preoperative levels of the serum proteins and their changes postoperatively. Patients at risk of developing complications during the postoperative period could not be identified on the basis of the results of measurement of preoperative concentrations of APRP. The 'severity' of surgery did not appear to influence patterns of change of APRP after operation since patients who presented for straightforward surgery with no evidence of preexisting disease (e.g. Patient 25 in Table 1) appeared to be at risk of developing complications as severe as those in other patients who presented with pre-existing disease and required extensive, radical surgery (e.g. Patient 23 in Table  1 ). The most significant influences upon the pattern of change of APRP after surgery appeared to be the development of wound and systemic sepsis. Clinical signs of sepsis were noted in all patients who developed complications dur-ing recovery. This situation is analogous to previous studies on burned patients-!' or myocardial infarction patients" where the development of sepsis appeared to be a major influence upon the pattern of change of APRP during the patient's recovery. In these studies, as in the present one, the most clear-cut differences between the groups making uncomplicated recoveries and those developing complications during the course of recovery were shown in the serum concentrations of ACT and CRP. The present study provides evidence that concentrations of ACT and CRP could provide a method for diagnosing the onset of hidden abdominal sepsis, since one patient who developed an abdominal abscess (Patient 9 in Table I ) showed clearly elevated concentrations of ACT and CRP 48 h before the diagnosis was made. This observation is analogous to that reported elsewhere, where an increase in CRP concentrations indicated the development of a subphrenic abscess in a patient undergoing surgery for complications ofCrohn's disease." A recent report also demonstrates that the combination of ACT and CRP is probably the most sensitive index for the assessment of inflammatory disease." Some differences in the behaviour of APRP after surgery compared with that observed after burn injury were also noted. The most striking differences were again in the ACT and CRP concentrations. Patients suffering from severe burn injuries showed much higher concentrations of these APRP than did surgical patients. In general the concentrations of ORO after surgery were higher than those observed after burn injury, with some evidence that patients suffering from complications which involved directly the tissues of the abdominal cavity, such as peritonitis following breakdown of antastomoses, showed very high serum ORO concentrations. The present observations, in conjunction with other studies, 3-10 strongly suggest that the detailed behaviour of the APRP may be expressed differently according to the tissues and/or areas of the body subject to the inflammation or insult. Thus involvement of the bowel appears to cause large changes in the levels of ORO. Involvement of the liver, as in cirrhosis or hepatoma, appears to cause large"changes in AT by comparison with other APRP.8 Involvement of extensive areas of the skin, such as severe burn injuries, appears to produce large changes in ACT and CRP.2,17 Development of infection, either as septicaemia or abscess formation, produces large changes in ACT and CRP with lesser changes in ORO and AT. 22 The detailed mechanism of the production of the changes in the levels of APRP is at present unclear. It is considered that Iymphokines of the general description IL-I are the prime effectors and regulators of the APR. I This factor (group of factors), formerly known as leucocyte endogenous mediator or endogenous pyrogen, is believed to be produced in the activated macrophages that deal with non-viable tissues produced at the sites of injury or inflammation, and also in the phagocytic cells of the reticulo-endothelial system. It is proposed that these factors may influence hepatocytes to stimulate the synthesis of APRP. A direct demonstration of this effect has not yet been presented and a receptor for IL-I in the hepatocyte has not yet been identified. If IL-I is responsible for this effect, its action is not simple since the synthesis of other proteins in the liver (such as albumin) is depressed after trauma." The observation that vagal blockade may modify the response to stress or injury24 suggests the possibility of central nervous system involvement in the regulation of the APR. The problems of how the APR is initiated and maintained are an important aspect of understanding the body's response to injury and trauma. The assessment of the APR by measurement of the changed levels of APRP is of clinical interest as this aspect of the APR may have potential to provide information of diagnostic and prognostic value. The measurement of serum CRP and ACT may become a routine method for assessing the progress of inflammatory disease and the effectiveness of therapy." The present study provides preliminary evidence of the potential use of APRP measurements for the diagnosis and possible prediction of the existence of sepsis following abdominal surgery. If such potential can be substantiated, then the measurement of APRP may move from being a laboratory curiosity to a valuable aid to the description of the general condition of patients suffering from inflammatory or traumatic conditions.
